Introduction {#S0001}
============

Down syndrome (DS), ie, trisomy 21, is the single most commonly identified etiology of intellectual disability (ID)[@CIT0001] and has a worldwide incidence of about 1:800--1:1,000 live births.[@CIT0002] Down syndrome was previously considered as an autism "contrast syndrome", but this view has changed.[@CIT0003] The level of intellectual disability varies from mild to profound and, in addition to ID, coexisting autism spectrum disorder, attention-deficit/hyperactivity disorder (ADHD) and other developmental/neuropsychiatric disorders have been increasingly reported.[@CIT0004]--[@CIT0008] Prevalence estimates of these neurobehavioral and psychiatric disorders range from 20% to 40% in children with DS.[@CIT0004]

Autism spectrum disorder (ASD) occurs in approximately 1% of the children in the general population[@CIT0009] and in up to 40% of the individuals with ID.[@CIT0010] Greater severity of one of these two disorders appears to have effects on the other disorder, ie, as IQ goes down the severity of ASD and challenging behaviors goes up.[@CIT0011]

The prevalence of ASD in children with DS has been reported to be 17--40%[@CIT0006],[@CIT0007] and is particularly high in those with severe ID.[@CIT0012] There is evidence from several studies that individuals with DS and ASD, in addition to ID, show more cognitive, social and behavioral difficulties than those with 'typical' DS.[@CIT0005]

Social and communicative deficits combined with specific behavioral abnormalities constitute the core impairments in ASD.[@CIT0013] Walton and Ingersoll[@CIT0014] reviewed specific interventions with the aim of improving social skills in adolescents with ASD combined with severe or profound ID. They reported that studies in the field were associated with significant challenges regarding research design and methodology. The differences in challenging behaviors between individuals with ASD and ID and those with ID only demonstrate that the former have unique needs. Consequently, they may not be well served by existing programs designed for individuals with ID or for ASD only.[@CIT0014]

Techniques based on Applied Behavior Analysis (ABA), ie, to analyze antecedents and consequences of specific behaviors to decrease severely challenging behaviors in children with autism were developed by Lovaas in the 1960s.[@CIT0015],[@CIT0016] ABAis a teaching method that applies the principles of learning theory to "improve socially significant behaviors to a meaningful degree" that is specific to the needs of the individual. Common strategies used are reinforcement, prompting and fading with the goal of either improving or decreasing targeted behaviors.

This operant learning treatment technique to teach a variety of skills in children with autism has now increasingly been modified and implemented in the child's natural settings, using a variety of behavioral strategies to teach developmentally appropriate and prerequisite skills, often referred to as naturalistic developmental behavioral intervention. Thus, ABA and developmental sciences have gradually been merged.[@CIT0017]--[@CIT0022]

Several studies have shown a high prevalence of problem behaviors in individuals with ID. Wachtel and Hagopian[@CIT0023] discussed how problem behavior in individuals with ID may emerge from a combination of factors including deficits in communication and adaptive behavior. Their three cases illustrated children with severe problem behaviors that responded well to psychopharmacological treatment combined with ABA.

Children with ASD constitute a highly heterogeneous group -- etiologically, biologically and clinically.[@CIT0003] Children with ASD and higher cognitive levels have been found to have better acquisition of skills and better adaptive functioning outcome than those with a low cognitive level.[@CIT0024]

In this study, we present experiences and results from the use of a comprehensive psychoeducational program, based on ABA and adapted for individuals with DS and ID combined with ASD. The study group was diagnosed with ASD in a previous, population-based study.[@CIT0007] The program represents a naturalistic approach adapted to the cognitive and adaptive impairments of these individuals. To our knowledge, such an intervention has not previously been implemented and evaluated in children and adolescents with DS and ID combined with ASD.

The aim of the study was to evaluate whether a targeted educational program for parents and teachers, and a training period for the children and adolescents with DS and autism, could improve the situation at home and at school.

Methods {#S0002}
=======

Original study cohort {#S0002-S2001}
---------------------

The study was performed in the county of Uppsala, an area with around 350 000 inhabitants.

The parents of all children with DS born in the period 1994--2006 had been invited with their child to participate in a study concerning the prevalence of ASD and ADHD and assessment of ID.[@CIT0007] In total, 60 children (41 M, 19 F) met the age criterion (age range 5--17 years). All subjects attended special classes for children with ID located in mainstream schools. Education was in accordance with the special national educational curriculum for pupils with ID.

Of the 60 subjects, 41 had been assessed within the previously reported ASD and ADHD prevalence study, which revealed that 17 had ASD, 9 of them had combined ASD and ADHD. Diagnosis of ASD was based on DSM-IV criteria[@CIT0025] and included the ADOS and ADI-R in addition to clinical assessments.[@CIT0026]--[@CIT0028]

Cognitive test,[@CIT0029] an adaptive assessment[@CIT0030],[@CIT0031] and a clinical examination were or had been performed within a former ASD/ADHD study or less than three years prior to the intervention. The patients with DS and ASD generally had more severe ID; 2 children had mild, 4 moderate and 11 severe/profound ID.[@CIT0007]

Patients included in the study {#S0002-S2002}
------------------------------

Fourteen of the 17 patients with DS and ASD (age range 6--18 years, median 13.0 years) participated in the intervention. Three subjects could not participate, one due to severe behavioral problems for which an individualized intervention had already been initiated, one family moved from the county during the period of the investigation and the parents of the third patient did not respond to the invitation. The sex and ID levels of the 14 children with newly established ASD diagnosis are presented in [Table 1](#T0001){ref-type="table"}. Eleven of the 14 participants had severe/profound, 2 had moderate and 1 had mild ID. Seven of the 14 individuals had no verbal speech, the remaining 7 had major communication difficulties and used picture communication aids as alternative means of expressing themselves. All participants had very few activities outside school.Table 1Background data for children with Down syndrome and autism spectrum disorder and the goals setPatient No.SexAge (years)Level of IDNumber of goals set1F18Profound52M18Profound43\*M16Profound-4M15Severe45M13Profound46F16Severe47F6Mild28M8Severe59M9Moderate210M8Severe211F17Severe412M16Severe413M7Moderate514M15Profound4[^1][^2]

Intervention {#S0002-S2003}
------------

A comprehensive psychoeducational intervention program adapted to the specific needs of families with a child with DS and ASD was used. The program was based on the principles of ABA, modified according to the child's ID level. The intervention was implemented in the child's natural settings using behavioral strategies to teach developmentally appropriate skills.[@CIT0020]--[@CIT0022]

All professionals in the research team had considerable experience of working with children with ID and ASD in children with DS. The team included a physiotherapist, a neuropediatrician, a neuropsychologist, a special needs teacher, a speech and language pathologist, and a youth worker.

The intervention encompassed several parts as illustrated in [Figure 1](#F0001){ref-type="fig"}.Figure 1The intervention time schedule.

-   An educational program was provided for parents and school staff. The program focused on providing general information about DS, ASD and on how to improve communication and daily/leisure activities, taking into account the children's cognitive and adaptive functioning. A three-week long educational program, comprising approximately three hours every week for parents and school staff was provided, respectively.

-   Workshops about communication and daily activities pertaining to each child were organized for parents and school staff. The purpose was to identify what specific aspects should be practiced regarding social and communication skills and to daily-living and leisure activities -- at school and at home. At a subsequent meeting, the specific goals for each child were established and agreed upon by parents and school staff. The research-team guided and supervised with making these decisions.

-   A medical assessment was performed by the neuropediatrician. Two of the children had pharmacological treatment for ADHD, three for obsessive-compulsive disorder and eight for sleep-disorder. No corrections in medication were made for ADHD, sleep-disorder or psychiatric problems before or during the intervention.

-   Five meetings with the parents were organized and led by the neuropsychologist. In these group discussions, parents could raise questions about the consequences the implementation of the new strategies would have on the children's specific behavioral problems in daily life. The discussions took place every second week during the intervention period.

Individual goals {#S0002-S2004}
----------------

The parents and school staff chose one to five communication tasks and one to five activity tasks for their child to practice and perform. The goals were set with guidance from the professionals in the research team. Some of the goals defined were more suitable for practice at home and others were more relevant for school. The school staff had extensive experience of working with the children in the study and were motivated to work with the intervention program. The intervention was specifically adapted for this target group.

The goals that the parents, school staff and research team had agreed upon reflected the level of daily functioning of the participants. Most children had three to five goals set in each domain, ie, activity and communication ([Table 1](#T0001){ref-type="table"}). These two types of goals overlapped to a great extent and were merged in the statistical calculation. The research team advised the parents and school staff to set reasonable levels for the goals. The majority of the children had a very low level of functioning and the goals were adapted accordingly. The tasks chosen represented activities that the children had not been able to manage previously. Most children had no activities with other family members or planned activities outside home or school and they could not communicate their views and wishes. An important issue was to find ways for the children to participate with their family and at school. The goal of an activity could therefore be to participate in a social game or by making the table before dinner with an adult every day. A communication goal could, for instance, be to ask and respond to questions using a communication application in a tablet or computer.

Intervention in practice {#S0002-S2005}
------------------------

The period of the intervention was started simultaneously at home and at school and continued for three months. The research-team guided the families and school staff in introducing the activities, eg, helping with domestic activities. For some children, computer programs were introduced to enable communication through images. The research team had contact with both parents and school staff during the three-month period of the intervention with visits at and/or phone-contacts with the Habilitation center to provide advice when required. The ABA behavioral principles -- here adapted to children also with severe to profound ID -- were applied in everyday situations in order to increase or decrease targeted behaviors.

Outcome measures {#S0002-S2006}
----------------

### Evaluation of goals achieved after the three-month intervention {#S0002-S2006-S3001}

The goals were evaluated according to whether the goal was achieved completely (1), achieved to some extent (0.5) or not achieved at all (0). A completely achieved goal meant that the goal was met to 100% and a goal achieved to some extent meant 50--100%. Numbers of goals set (2--5), differed between the children due to parents' and teachers' preferences. A total score for each child was calculated. The mean value for the goals achieved to some extent or completely was calculated. Goal attainment at home and at school was evaluated by the parents and teachers, respectively.

### Family Strain Index questionnaire before and 18 months after the intervention {#S0002-S2006-S3002}

The questionnaire Family Strain Index (FSI),[@CIT0032],[@CIT0033] a six-item questionnaire, was completed by parents ([Table 2](#T0002){ref-type="table"}). The items describe situations of stress and in which demands were imposed. The items are scored from 0 (never) to 4 (always) yielding a maximum score of 24. Factor analysis in the sample reported by Riley et al indicated that the FSI scale reflects an overall experience of worry, disruption and demand on parents of children with ADHD. In the present sample, the FSI demonstrated satisfactory internal consistency before (Cronbach's alpha =0.84) as well as after (Cronbach's alpha =0.83) the intervention.Table 2"Family Strain Index" questionnaireItemIn the past 4 weeks:1Did your child make you feel stressed or worried?2Did your child limit your time to relax or participate in social activities?3Did your child make you feel uncomfortable inviting friends and family to your home?4Did your child cause conflict or tension within the family?5Did your child prevent you from going to certain places with your child (eg, supermarket/shows, visiting friends/family)?6Did your child make you change a planned family activity (eg, weekend plans, day trips, social arrangements)[^3]

### Parents' perception of the intervention 18 months after completion {#S0002-S2006-S3003}

Six items were used by the research team to measure parents' opinions and attitudes to the given intervention at a meeting that took place with a neuropsychologist who was not a member of the research team. The parents indicated their opinion by marking each question on a 120 mm horizontal line with 0 indicating not at all/no positive effect and 120 indicating very much/very positive effect. The questions pertained to the parents themselves and their child with DS ([Table 3](#T0003){ref-type="table"}).Table 3Parents' perception of the intervention 18 months after completionItemQuestions1.Was it positive for you as parents that your child received a diagnosis of autism?2.Has the intervention program been positive for you as parents?3.Has the intervention program been positive for your child with DS?4.Does your child still use activities that he/she practiced during the intervention?5.Does your child still use the communication aids that he/she practiced during the intervention?6.Do you still use strategies you learnt during the intervention program?[^4]

Ethics {#S0002-S2007}
------

The Regional Ethical Review Board of Uppsala approved the study. All parents gave their written informed consent to participate.

Statistics {#S0002-S2008}
----------

The mean number of goals either completely or only to some extent achieved was computed for home and for school, respectively. For the 11 parents who completed the "Family Strain Index" both before and after the intervention, a paired sample *t*-test was used to compare the mean score before, with the mean score after the intervention, using a 5% alpha level. Mean scores and 95% confidence intervals on the 6 items measuring parent's perception of the intervention 18 months after completion were computed.

Results {#S0003}
=======

Evaluation of goals achieved, after the three-month intervention period {#S0003-S2001}
-----------------------------------------------------------------------

The parents of one child did not complete the intervention period and could not be evaluated. Nine children had evaluations both from home and school, whereas for four children, results could only be obtained from home. The number of goals set varied from 2 to 5 (*M*=3.77, *SD*=1.09). On average, 92.31% (*SD*=18.78%) of the goals were (to some extent or completely) achieved at home and 95.56% (*SD*=13.33%) of the goals were (to some extent or completely) achieved at school.

Family Strain Index questionnaire before and 18 months after the intervention {#S0003-S2002}
-----------------------------------------------------------------------------

Parents of 11 of the 14 children completed the "Family Strain Index" both before the intervention and at the follow-up held 18 months after the intervention had been completed. Parents of three children declined this part of the follow-up for various reasons that were unrelated to their child's disability. The mean scores were almost identical at the follow-up (*M*=10.91, *SD*=4.78) to those before intervention (*M*=11.27, *SD*=5.02); *t*~10~=0.48, *p*=0.640, Cohens' *d*=0.07.

Parent's perception of the intervention 18 months after its completion {#S0003-S2003}
----------------------------------------------------------------------

Parents of 10 of the 14 children completed the 6 items using the 120 mm horizontal line. Parents of four children declined this part of the follow-up for various reasons, including severe medical disorders in two children. The 95% confidence intervals for the mean ratings on the six items are presented in the visual scale in [Figure 2](#F0002){ref-type="fig"}. During the interview, the parents of these 10 children made several comments, eg, "We suspected autism long ago; we are relieved to have it confirmed. Now we can get appropriate help and support". "Our son is treated in another way now, we understand his behavior better." "We prepare more before activities. We have a changed mind-set, we don't have to do things that don't work, eg, travel while on vacation." "My worries and stress concerning my child's behavior and my own short-comings were reduced by the intervention."Figure 2Parents' perception of the intervention 18 months after completion. Scoring: 0= No, not at all/no positive effect; 120= Yes, very much/very positive effect.

Discussion {#S0004}
==========

There are several reports on the effects of behavior modification programs, including ABA, in children with ASD. These have demonstrated positive effects in groups of children, particularly with regard to the reductions of major behavioral problems.[@CIT0014],[@CIT0020] However, IQ and basic autism dysfunctions often remain unchanged or are only marginally positively affected.[@CIT0003],[@CIT0034] The role of intellectual level on the outcome in children with ASD has been pointed out and children with higher initial cognitive levels have been found to have better acquisition of skills and better adaptive functioning outcome.[@CIT0018]

The present study aimed at creating an adapted intervention based on ABA for children and adolescents with DS and ASD in addition to ID. A further aim was to analyze the possibility of enhancing performance, communication, participation and well-being in these children, as well as diminishing the family burden.

Clinical experience and research support the value of identifying developmental disorders including autism early on in order to inform parents and staff in the preschool setting about the basic cognitive problems of the child.[@CIT0035] It has also been pointed out that intervention should be performed to improve the situation of the individual and family rather than to cure the underlying disorder.[@CIT0003]

The most important finding in the present study was that the children could achieve goals and skills they had not previously managed. Our results demonstrated some improvements in all children. Most children achieved the goals that had been set either fully or to some extent.

The results of the "Family Strain Index" demonstrated that the parents rated the stress and burden of illness correspondingly high at the follow-up to that before the intervention. The FSI score before the intervention was unexpectedly low considering that the children were multi-impaired and therefore substantial improvements were unlikely to be achieved. The parents were aware of their children's severe disability including ID and had consequently adapted their daily life to the situation in many ways. FSI has mostly been used in studies of intervention in subjects with ADHD. Our results are in agreement with those of Silva et al[@CIT0033] who could not demonstrate any difference in parental scores before and after an intervention in children with ADHD and ASD.

The parents' perception of the intervention 18 months after study start was generally positive. Almost all parents expressed a sense of relief when they received confirmation that their children also had ASD. Many of the parents had experienced that their child for many years had not been understood. Their child had additional difficulties compared to other children with DS and the parents had felt lonely and insufficient to meet their child's needs. The evaluation also supported that the use of strategies intended to facilitate activities and communication remained largely 18 months after completion of the intervention.

The results demonstrated that a psychoeducational program can be adapted for schoolchildren with DS and severe or profound ID. We used an approach with a comprehensive psychoeducational program, based on ABA, but to a large extent adapted for older children and teenagers (6--18 years) with DS, ID and ASD. All children had been diagnosed with autism recently. No formal education had been given previously to the parents about autism. The use of a psychoeducational program, adapted to the severity of ID of each child, made it possible to address specific problems of communication and daily activities. To our knowledge no similar research using modified ABA approaches in this patient group of schoolchildren, of whom the majority was teenagers with severe ID, has been reported.

In a review, Moss and Howlin[@CIT0036] highlighted that recognition of ASD-like characteristics (even where a true diagnosis of ASD may not be relevant) in individuals with genetic syndromes is crucial in ensuring appropriate behavioral management and educational placement.

Limitations of the study include the open design in which each child was his or her own control. The small study group and the difficulty in finding appropriate evaluation instruments also represent limitations. Strengths of the study were that the patient group was derived from a population-based cohort of children with DS, that the goals set were adapted to the severity of ID and that the activities were relevant for the daily life of the children and their families.

Conclusion and clinical implications {#S0005}
====================================

We conclude that it is possible to create an adapted intervention program based on ABA for older children and adolescents with Down syndrome with coexisting ASD, in the case of severe or profound ID. An intervention, adapted individually and taking the severity of ID into account, seems to be beneficial both for the children and for the parents. Future studies are needed to confirm these results. The study highlights the importance of identifying coexisting ASD in children with DS. An ASD screening program already implemented during preschool age would enable further clinical assessment to be carried out, appropriate information to be given and interventions put in place. It is likely that it would be possible to implement similar adapted intervention programs also for other patient groups with ASD and severe ID.
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[^1]: **Notes:** Intellectual Disability according to ICD-10; Mild intellectual disability = IQ 50--70; Moderate intellectual disability = IQ 35--50; Severe intellectual disability = IQ 20--35; Profound intellectual disability = IQ\<20. \*No 3 took part in the practice period but did not complete the goal evaluation; therefore, data are missing.

[^2]: **Abbreviations:** F, Female; M, Male.

[^3]: **Notes:** Scoring: 0= never; 1= almost never; 2= sometimes; 3= almost always; 4= always (max 24p).

[^4]: **Notes:** Scoring: 0= No, not at all/no positive effect; 120= Yes, very much/very positive effect.
